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Scientific  progress  and  accomplishments 

In  this  work  we  carried  out  a  comprehensive  study  of  the  nature  of  power  saturation  in  1.5-pm  high  power 
InGaAsP/InP  MQW  two  step  graded  SCH  lasers.  We  studied  devices  with  different  waveguide  geometries  and 
different  p-doping  (Zn)  profiles  in  the  upper  cladding  layer.  The  experimental  data  show  that  heterobarrier 
leakage  is  responsible  for  power  saturation  in  1.5-pm  InGaAsP/InP  lasers.  Narrow  waveguide  lasers  with  a 
higher  Zn  concentration  at  the  SCH/p-cladding  interface  exhibited  increased  output  power.  We  used  the 
PADRE  modeling  procedure  to  simulate  the  performance  of  devices  with  two  doping  profiles.  Our  simulation 
results  support  this  conclusion.  Direct  measurements  of  the  optical  loss  in  device  with  narrow  (260nm)  and 
broadened  (710nm)  waveguide  demonstrate  significant  optical  loss  reduction  with  waveguide  broadening: 
narrow  waveguide  devices  have  internal  optical  loss  of  about  25cm'1  while  broadened  waveguide  devices  with 
low  doped  p-cladding/SCH  interface  have  internal  loss  less  than  4cm'1.  The  broadened-waveguide  design 
decreases  the  internal  optical  loss  leading  to  improved  slope  efficiency  at  threshold. 


r 


,  .  Higher  doping  concentration  at  the  p-cladding/SCH  increases  the  barrier  for  electron  thermoionic  emission 
from  the  waveguide  into  p-cladding  and.  improves  the  LI  linearity  at  high  injection  currents.  There  is  always  a 
trade-off  between  the  internal  optical  loss  enhancement  by  doping  and  the  effect  of  heterobarrier  leakage 
suppression.  This  issue  is  especially  important  for  broadened  waveguide  devices,  which  inherently  have  a  very 
low  internal  optical  loss  (for  undoped  waveguide). 

We  have  fabricated  broadened  waveguide  lasers  with  three  different  doping  profiles.  The  best  linearity  of  LI 
and  the  highest  output  optical  power  density  was  obtained  for  lasers  with  doped  p-cladding/SCH  interface  while 
undoped  devices  have  displayed  the  largest  slope  efficiency  at  threshold.  We  measured  directly  the  current 
dependence  of  the  modal  gain  spectra  of  the  lasers  studied.  A  spatial  filtering  [1]  selected  on-axis  optical  mode 
of  the  multimode  broad  area  lasers.  Lasers  with  the  lowest  Zn  concentration  in  the  vicinity  of  the 
p-cladding/SCH  interface  have  about  4cm'1  internal  optical  losses.  As  Zn  propagates  deeper  into  the  waveguide, 
the  internal  loss  goes  up  to  12cm'1. 

At  high  injection  levels  when  the  barrier  for  electron  thermoionic  emission  from  SCH  into  p-cladding  is 
suppressed  by  external  voltage,  heterobarrier  leakage  increases  and  LI  saturates.  Doping  reduces  part  of  the 
external  voltage  drop  across  the  p-cladding/SCH  interface.  As  a  result  highly  doped  lasers  experience  lower 
heterobarrier  leakage  at  high  injection  currents  and  their  Li’s  have  better  linearity  compared  to  low  doped 
devices  [2],  Optimization  of  the  device  p-doping  profile  allowed  us  to  obtain  the  same  output  optical  power 
from  100pm  BW  doped  lasers  as  from  200pm  BW  low  doped  ones.  Far  field  emission  patterns  were  almost 
independent  of  stripe  width  and  doping  profile  with  about  20°x50°  divergence  for  high  output  power  levels.  Due 
to  better  linearity  of  LI  characteristics  the  BW  doped  lasers  yielded  twice  the  output  optical  power  density  and 
brightness  as  BW  low  doped  devices  at  60 A  giving  more  than  16W  from  100pm  aperture  at  room  temperature. 
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